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ABSTRACT 

As a first step toward automatic STADAN station scheduling, a com- 
puter program is developed to: (1) relieve the STADAN station scheduler 
from sifting through volumes of predicted satellite operations (i.e., 
Operational Predictions for Satellites) data to obtain the data necessary 
for station scheduling; (2) save the STADAN station scheduler the time, 
labor, and perhaps human e r r o r s  of transferring the scheduling data to 
a station scheduling sheet or chart; and (3) place the scheduling data in 
a format more suitable for scheduling. The computer program is de- 
scribed in sufficient detail to permit its operation by anyone with a 
minimal understanding of general computer programming. 
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A COMPUTER PROGRAM TO IMPROVE 
STADAN STATION SCHEDULING* 

by 
Walter D. Davis 

Goddard Space Flight Center 

INTRODUCTION 

Scheduling of STADAN stations has become increasingly more difficult because of the volume 
and complexity of predicted satellite data which the scheduler must use. A computer program has 
been developed that takes the data calculated by the revised Goddard Space Flight Center (GSFC) 
orbital program and: (1) edits the predicted satellite operations data, extracting only pertinent 
scheduling data; (2) generates or calculates new predicted satellite operations data when the time 
interval (during a station passt)  of any two successive predicted satellite operations data points 
equals o r  exceeds two minutes; and (3) places the results of (1) and (2) in a suitable format for 
station scheduling. (It should be noted that all satellite and STADAN station conflicts, at any arbi- 
t ra ry  time, will be immediately apparent on "first sight" inspection). 
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During the initiation of the study, the plans were made to develop, in addition to the afore- 
mentioned computer program (Phase I), a second computer program (Phase 11) which would resolve 
all scheduling conflicts and make all station scheduling decisions. Heretofore, the Phase 11 oper- 
ation has been manual. After Phase I is put into operation and proven, an effort can be made to 
develop a Phase II-type computer program. ' 

The Phase I computer program is written mostly in the FORTRAN IV language. However, 
several  control cards  of the IBM 7090/7094 IBSYS Operating System Generalized Sorting System 
are utilized along with several MAP routines for multireel output; the END OF FILE (EOF) mark 
is written automatically when the END OF TAPE (EOT) reflective spot is sensed during writing. 
Reel switching occurs after the EOF is written. The listed "deck names", FRWB, FRWD, FSLI, 
FXEM, NOSYS, and GOSYS, within the Phase I computer program (Appendix A) represent binary 
program decks constituting modified IBM FORTRAN IV subroutines (written in MAP). 
binary decks are utilized to enable the IBM 7094 to  read the next file, if desired by the programmer, 
after encountering the EOF mark on an input tape and to use the record, as read the 100th time, i f  
the "permanent read redundancy" e r ro r  condition is encountered. 

These 

'STADAN is  the denotation of Space Tracking And Data Acquisition Network. Station scheduling i s  defined to be the allocation of the 

?Station pass i s  defined to be a passing of the satellite through the stationis fieid of uackiiig 2nd data acquisition. 
~ C X ~ C C  :kc of il ST.4E.4N staEiefi rn the satellites which pass through the station's field of tracking and data acquisition. 
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The FORTRAN statements, SORT control cards o r  instructions, MAP routines, and the 
aforementioned deck names of the Phase I computer program are given in Appendix A. 

SUBPROGRAMS OF PHASE I 

The computer program of Phase I consists of three subprograms: 

Subprogram 1 edits the predicted satellite operations data, extracting only pertinent scheduling 
data; generates o r  calculates new predicted satellite operations data when the time interval (during 
a station pass)of any two successive predicted satellite operations data points equals o r  exceeds 
two minutes; and places the results in a format suitable for sorting internally on the IBM7090/7094. 

Subprogram 2 sor ts  the results of subprogram 1 on the IBM 7090/7094 with respect to date, 
time, station, and satellite. 

Subprogram 3 places the results of subprogram 2 in the final format as illustrated in Figure 1 
(see page 13). 

Subprogram 1 

Input Data Cards 

For a run of subprogram 1, (n + 1) + c data cards are input for n satellites of input data, 
where c is the total number of continuation cards. That is, excluding the continuation cards, one 
data card is input for each satellite of input data plus a data card which contains the total number 
of satellites, n, whose data are input into the computer for the run of subprogram 1. 

The parameters on the input data cards of subprogram 1 are: 

TNSATL = total number of satellites whose data are input into the computer for  a run of sub- 
program 1. 

Z = an alphabetic or non-numerical character assigned to the satellite, whose data are 
input into the computer for a run of subprogram 1, to indicate, in the final output, 
that the satellite is in the field of tracking and data acquisition of a STADAN station 
but is not in the sunlight; and to identify the satellite and its column of data, in the 
final output, when TNSATL does not exceed the total number of alphabetic and "usa- 
ble" special characters. (If TNSATL exceeds the total number of alphabetic (26) 
and usable special characters, it is suggested that numbers o r  numerical characters, 
assigned to the satellites by subprogram 1, be used to identify the satellites and 
their columns of data in the final output with Z = A for all satellites whose data are 
input into the computer for the run of subprogram 1. (These numerical characters, 
obtainable from the on-line print-out of subprogram 1, would be inserted with the 
input data of subprogram 3 as the values of the parameter (NOT(I).) 
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'JPSI = 

KEY = 

NOS = 

NOSTAT = 

NOSTAT(L) = 

An assigned elevation angle such that the subprogram 1 input data of any pass of the 
satellite through the field of tracking and data acquisition of any STADAN station 
w i l l  be deleted if the maximum elevation angle of the satellite during the pass does 
not equal or  exceed it. (With a minor modification in the subprogram 1 computer 
program, JPSI can be varied for each STADAN station which is scheduled to track 
and/or acquire data from the satellite.) 

Number (0, 1, o r  2) which enables the program operator to "inform" the computer 
of the number of files and their arrangement on the subprogram 1 input reel(s) of 
predicted operations data for a satellite. 

KEY = 0 => every input reel of predicted operations data for the satellite has 
only one file. 

KEY = 1 => first input reel of predicted operations data for the satellite has only 
two files while each of the other input reels, if  any, has only one. 

KEY = 2 => a second input reel of predicted operations data for the satellite has 
only two files while each of the other input reels including the first 
(i.e., the reel  which contains identifications and World Map data) has 
only one. (Due to the format revision of the predicted satellite 
operations data and the subsequent modification of subprogram 1, it 
is not necessary to use "KEY = 2". When, due to identification and 
World Map data, two files appear on any input reel except the first, 
eliminate and don't input the reel(s) of identification and World Map 
data which precede the tltwo file reel." Then, treat the two file reel 
as the first input reel  of predicted operations data for the satellite, 
and set K = 1. It is assumed, based on past operations, that the 
identification and World Map data will precede, on the input reels 
of predicted operations data for the satellite, the predicted oper- 
ations data.) 

total number of STADAN stations whose data are to be deleted during the run of 
subprogram 1. 

six character name of STADAN station whose data are to be deleted during the run 
of subprogram 1. (The order of the names of the NOSTAT stations on the input data 
card(s) is not important.) 

NOSTAT in the Lth position of the linear array of NOSTAT(S) on the input data card 
(where L = 1, 2, ..., NOS). 

It may be worthwhile to note that, in order to delete all the predicted satellite operations 
data of a satellite, the program operator merely does not input the data of that satellite. The 
above statement assumes, based on past operations, t!xit the predicted satellite operations data 
of tWo o r  more satellites are not contained on the same reel. 
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Memory Allocations 

One hundred core memory locations have been allocated for the STADAN stations (see the 
parameter JSTAT in the Dimension statement of subprogram 1, Appendix A). If necessary, the 
program operator may allocate additional (up to o r  beyond several thousand on the IBM 7094) 
core memory locations for the STADAN stations. The core memory allocations of the parameter 
NOSTAT may be adjusted accordingly. Due to one o r  two adjustment "gimmicks" in the computer 
program, it wil l  never be necessary to allocate additional core memory locations for  any of the 
other parameters in the DIMENSION statement. In fact, the core memory allocations of JTIM, 
MINS, JEL, JCHAR, JDAY, JDATE, NTIM, NEL, NCHAR, NDAY, and NDATE, respectively, may 
be decreased if several FORTRAN statements are adjusted accordingly. (The core memory 
allocations of each of the aforementioned parameters may be decreased to, but not less than, two 
locations.) If, however, within the predicted satellite operations data, there exists a large number 
of station passes such that the number of minutes in the duration of each station pass  is greater 
than the core memory allocations of the parameters, subprogram 1 would cause the computer 
to increase its "looping" and, hence, its running time. 

Subprogram 2 

Information on the control cards of this subprogram may be obtained from any up-to-date 
manual on the IBM 7090/7094 IBSYS Operating System Generalized Sorting System. For  normal 
non-stop runs, the subprogram 2 computer program, as shown in Appendix A, may remain un- 
changed with the possible exception of the "REEL/n" field of the INPUT FILE control card. The 
number of reels  of data input into the computer fo r  a run of subprogram 2 is denoted by n in the 
"REELS/n" field. It is necessary to update the value of n for each run of subprogram 2. For 
example, suppose that the number of reels of subprogram 2 input data is 3 for a particular run, 
then n is 3 and the INPUT FILE control card can be written as 

FILE, INPUT/l, REELS/3, MODE/D, DENSITY/H, BLOCKSIZE/5. 

The "REELS/n" field may be omitted for a one-reel file, i,e., the number of reels of subprogram 
2 input data is one. 

Subprogram 3 

Inwt Data Cards 

For a run of subprogram 3, (n + m + 3) + c data cards, where c is the total number of con- 
tinuation cards, are input for n satellites and m stations of input data. The parameters on these 
data cards are: 

DOTS 2 = two special characters which are used to separate, on the final print-out sheet, the 
data of a STADAN station from the data of the STADAN station(s) adjacent to it. (The 
character "0" followed by the blank character were used in the simulated runs and 
Figure 1.) 
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DASH = two special characters used to indicate that the satellite o r  spacecraft 
is not in the field of tracking and data acquisition of the STADAN station. 
(Two blank characters were used in the simulated runs and Figure 1.) 

TNSTAT = total number of distinct stations whose names are printed on-line during 
the computer run of subprogram 1. 

TNSATL = same definition as TNSATL of subprogram 1. (TNSATL of subprogram 3 
is also equivalent to the total number of distinct satellites whose identi- 
fications a re  printed on-line during the computer run of subprogram 1, 
unless the program operator inputs the data of a satellite whose data are 
subsequently deleted because every STADAN station, through whose field 
of tracking and data acquisition the satellite is predicted to  pass, is a 
NOSTAT station. (See the definition of NOSTAT, page 3) ) 

REELS = total number of reels of data which are output during the computer run 
of subprogram 2. 

KSTAT = six (or less) character name of STADAN station. (BPOINT is an 
example.) 

JK = station count or number assigned to KSTAT by the computer during the 
run of subprogram 1. (All distinct KSTATs or  names of STADAN stations 
whose data are input into the computer during a run of subprogram 1 are 
assigned numbers by the computer in ascending order, beginning with 
number 1, as they are input into the computer in a non-NOSTAT status. 
(If KSTAT is a NOSTAT station for a satellite, it is neither assigned 
a number nor printed on-line during that computer "satellite loop." 
However, KSTAT could be assigned a number and printed on-line 
during succeeding computer satellite loops.).) 

NSATL = total number of distinct satellites whose identifications are printed on- 
line, during the computer run  of subprogram 1, within the same record 
(the same line) as KSTAT. (NSATL is also equivalent to the total number 
of distinct satellites which pass through the field of tracking and data 
acquisition of the KSTAT station and whose predicted data are input into 
the computer for the run of subprogram 1, unless the KSTAT station 
is a NOSTAT station to one or more of the distinct satellites.) 

NUM = satellite count o r  number assigned to the satellite by the computer dur- 
ing the run of subprogram 1. (All distinct satellites whose predicted data 
are input into the computer during a run of subprogram 1 are assigned 
numbers by the computer in ascending order, beginning with the number 
1, as their predicted data are input into the computer. If every ST-40-4N 
station, through whose field of tracking and data acquisition the satellite 

5 



is predicted to pass, is a NOSTAT station, the NUM of the satellite is 
not printed on-line, even though a number is assigned to that satellite by 
the computer during the run of subprogram 1.) 

NUM (JK, I) = NUM (satellite count) of the satellite whose identification number is 
printed on-line, during the computer run of subprogram 1, within the 
same record as the KSTAT station whose station count is J K  and which 
has the I 

(I = 1, 2, ..., NSATL) 

th smallest NUM of all NUM(JK, 1)I = 1, 2, . . . NSATL. 

NOT(1) = Z of the satellite, whose NUM or satellite count is NUM(JK, I), followed 
by the blank character. (NOT(1) is also printed on-line, during the com- 
puter run of subprogram 1, within the same record as the identification 
of the above satellite and, hence, NUM(JK, I).) 

FDATE = the smallest (or earliest) Start-Date of all the Start-Dates of the satel- 
lites whose predicted operations data are input into the computer for the 
run of subprogram 1. 

FTIME = the smallest (or earliest) Start-Time of all the Start-Times of the satel- 
lites whose predicted operations data a re  input into the computer for the 
run of subprogram 1. 

LDATE = the largest (or oldest) Stop-Date of all the Stop-Dates of the satellites 
whose predicted operations data a r e  input into the computer for the 
run of subprogram 1. 

LTIME = the largest (or oldest) Stop-Time of all the Stop-Times of the satel- 
lites whose predicted operations data a r e  input into the computer for 
the run of subprogram 1. 

Z 

IDENT 

JSATL 

= Z of subprogram 1. 

= identification number of the satellite. (The identification number con- 
sists presently of five numerical characters.) 

= partial o r  full name of the satellite. (JSATL = partial name of the satel- 
lite if the name of the satellite consists of seven or  more characters. 
For example, if EXPLORER is the name of the satellite, JSATL = 
EXPLOR.) 

NOS = partial name of the satellite if the name of the satellite consists of seven 
o r  more characters. Using the example from above, if  EXPLORER is 
the name of the satellite, then NOS = ER followed by two blank characters. 

JSDAT = Start-Date of the satellite. 

JSTIM = Start-Time of the satellite. 
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JXDAT = Stop-Date of the satellite. 

JXTIM = Stop-Time of the satellite. 

JPSI = JPSI of subprogram 1. (In the format, exterior location 74, of subpro- 
gram 3 in Appendix A, space has  been alloted to enable the program 
operator to insert a "decimal" character within the value of JPSI of sub- 
program 1.) 

On the second input data card of subprogram 3, the values of the parameters TNSTAT, 
TNSATL, and REELS may be predetermined before the computer runs. The values of the param- 
eters TNSTAT and TNSATL can also be easily determined from the subprogram 1 on-line print- 
out. However, as we indicated above, the value of TNSATL input into the computer for the run of 
subprogram 1 is different from the value of TNSATL determined from the subprogram 1 on-line 
print-out if the program operator inputs the data of a satellite subsequently deleted because every 
STADAN station through whose field of tracking and data acquisition the satellite is predicted to 
pass is a NOSTAT station. In this event, either value of TNSATL may be used (for the subpro- 
gram 3 input) since the predicted operational data of that satellite will  not be processed or  even 
considered during the computer run. (If the subprogram 1 input value of TNSATL is used, the set 
of input data cards whose parameters are Z, IDENT, JSATL, NOS, JSDAT, JSTIM, JXDAT, JXTIM, 
and JPSI should contain an input data card on every satellite whose predicted operational data are 
input for  the computer run of subprogram 1. If the subprogram 1 on-line print-out value of 
TNSATL is used, the set of input data cards should contain an input data card on every satellite 
except the satellites whose predicted operational data are deleted.) In order to eliminate any 
possible variation of the value of TNSATL during the computer runs of subprograms 1, 2, and 3, 
the program operator should pre-check the station listing of each satellite, whose predicted 
operational data are input for the computer "run" of subprogram 1, and not input the data of any 
satellite whose predicted operational data would be deleted. 

, 
On the set of input data cards whose parameters are  JK, KSTAT, NSATL, NUM(JK, I), and 

NOT(I), I = 1, 2, ..., NSATL, the values of the aforementioned parameters should be obtained 
and determined from the subprogram 1 on-line print-out since the relationship of the values of 
JK, KSTAT, NUM(JK, I) and NOT(I), I = 1, 2, ..., NSATL, on each member (input data card) of 
the aforementioned set depends on the order in which the predicted operational data of the satel- 
lites are input into the computer for a run of subprogram 1. 

Records of data consisting of the values of JK, KSTAT, NUM(JK, I), NOTO), and IDENT, for 
some I, I = 1, 2, ..., NSATL, are printed on-line by the computer during the run of subprogram 
1. The following is an example of an on-line print-out of a subprogram 1 computer run. 

1 BPOINT 
2 FTMYRS 
1 RPOINT 
3 JOBURG 

1 A 62681 
1 A 62681 
2 B 72798 
2 B 72798 
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2 FTMYRS 
3 JOBURG 

3 C 92671 
4 D 42013 

From the example above, it is easy to see that TNSTAT = 3 and TNSATL = 4. The set of 
input data cards whose parameters are JK, KSTAT, NSATL, NUM(JK, I), and NOT(I), I = 1,2, ..., 
NSATL, consist of three members. 

First Input Card: JK = 1; KSTAT = BPOINT; NSATL = 2; NUM(1, 1) = 1; 
NOT(1) = A; NUM(1, 2,) = 2; and NOT(2) = B. 

Second Input Card: JK = 2; KSTAT = FTMYRS; NSATL = 2; NUM(2, 1) = 1; 
NOT(1) = A; NUM(2, 2) = 3; and NOT(2) = C. 

Third Input Card: JK = 3; KSTAT = JOBURG; NSATL = 2; NUM(3, 1) = 2; 
NOT(1) = B; NUM(3, 2) = 4; and NOT(2) = D. 

For a more automatic and perhaps faster operation from subprogram 1 through subprogram 
3, subprogram 1 may be modified so that the array of input data whose parameters are TNSTAT, 
TNSATL, JK, KSTAT, NSATL, NUM(JK, I), and NOT(I), I = 1, 2, ..., NSATL, are either card 
punched on-line by the computer o r  written on a magnetic tape separate from the other output data 
tapes. (The operation of punching cards on-line should be avoided on T&DS' IBM 7094 computers 
at GSFC.) The on-line punched cards o r  magnetic tape are/is  input into the computer later for  
the run of subprogram 3. The subprogram 1 on-line print-out would no longer be vital to the 
operation of subprogram 3. 

Memory Allocations 

As in subprogram 1, one hundred core memory locations have been allocated for the STADAN 
stations or, more specifically, for the values (names of the STADAN stations) of the parameter 
JSTAT. The core memory allocations for the parameters JSTAT and MSATL are and should 
always be the same. (See the DIMENSION statement of subprogram 3.) The core memory allo- 
cations for each of the parameters NUM, NOT, MOT, NSU, and JEL were allocated as a function 
of ten physical tape units (tape drives) for output and/or 150 character-wide print-out paper o r  
sheets for the final results. 

Let x be the number of core memory locations which are allocated for the names of the 
STADAN stations; y be the maximum number of tape drives, attached to the computer, which can 
be utilized for  output during the run of subprogram 3; and Z be the total number of characters 
which can be written width-wise across  the print-out paper which will be utilized for  the final 
results. Then, the DIMENSION statement of subprogram 3 can be formulated, using FORTRAN 
language notations, as 

DIMENSION NUM(x, y) , iWT(y*(q) ) ,  m ( y * ( ~ ) )  2-6 , JSTAT (x), MSAn ( x ) .  

NSU (y), J E  (F) 
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*Subprogram 3, Appendix A, is written to print the final results on 132 o r  more character-wide 
print-out paper. However, if the additional width on the "greater than 132" character-wide print- 
out paper is to be utilized, two FORTRAN statements must be adjusted according to the increase. 

Fomzat Updating 

In Figure 1, the number of satellites serviced by a STADAN station is the same for all the 
stations. However, this is not always the case because the number of satellites serviced by two 
or  more distinct STADAN stations may vary. Hence, in order to  output the scheduling data in 
the final format without wasting spaces on the print-out sheet between the data of two stations, it 
is necessary to update the output formats (exterior statement numbers 98, 99, 100, 101, 102, 103, 
104, 105, 106, and 107) of subprogram 3. 

The output formats of subprogram 3 a r e  generalized and formulated in Appendix B 
where, 

MSATL(I), I = 1,2 ,..., NSU(l), NSU(1) + 1 ,..., NSU(10), is the number of satellites 
serviced by the STADAN station whose station count (JK) is I, 

NSU(1) is the number of STADAN stations whose data are output on logical unit A3, 

NSU(2) is the number of STADAN stations whose data are output on logical unit B5, and 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
NSU(10) is the number of STADAN stations whose data are output on logical unit A8. 

If MSATL(I), I = 1,2, ..., NSU(10), is 2, it is suggested that the name, KSTAT, of the STADAN 
station, whose station count is I, be input on the input data cards of subprogram 3 as a four- 
character name instead of a six-character name followed by two blank characters. Otherwise, 
the six-character names of at least two STADAN stations will be written together in the heading 
of the final print-out with no space between them. 

If MSATL(I), I = 1,2, ..., NSU(10), is 1, the formulated formats of Appendix B do not hold true. 
In order to rectify this, it is suggested that the name, KSTAT, of the STADAN station, whose 
station count is I, be input on the input data cards of subprogram 3 as a two character name fol- 
lowed by four blank characters; the A6 (of the aforementioned formats), which precede the ex- 
pression which contains MSATL(I), be changed to A2; and set (2* MSATL(1) - 4), the expression 
which contains MSATL(I), equal to 2. 

Elimination of Computer Hang-up and Unnecessary Dumps 

If a logical tape unit referenced in subprogram 3 is not used during a run of subprogram 3, 
the 7094 computer system of T&DS at GSFC will still select and unload that unit after the run. 
This may often result in a computer hang-up and an unnecessary dump of core storage. TO avoid 
this, appropriate $NAME card(s) should be inserted into the subprogram 3 deck after t i e  $iBJOB 
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card, along with the proper instruction on the instruction card. For example, in a short simulated 
run of subprogram 3, only logical units A5 and A3 were utilized during the computer run. In 
order to stop the computer from selecting and attempting to unload logical units A6, B5, B6, C1, 
C2, A7, B7, B8, B9, and A8 (all of subprogram 3), nine $NAME cards were inserted into the sub- 
program 3 deck after the $IBJOB card in the form 

COLUMN 1 
I 
t 
$NAME 

16 

1 
.UNI . = .UN19. 

where I = 06, 15, 16, 21, 22, 07, 17, 18, 08. Then an output reel for logical unit B9 (.UN19.) was 
requested on the instruction card. 

The MAP routine for multireel output on a particular logical tape unit should be inserted 
into the subprogram 3 deck for a computer run if and only if that logical unit will be utilized 
during that run (or all MAP routines for multireel output on the logical tape units which will not 
be utilized during a computer run should be removed from the subprogram 3 computer program 
of Appendix A for that run). If a MAP routine for multireel output on a logical tape unit is 
inserted into the subprogram 3 deck for a computer run, the computer will select and attempt to 
unload the logical tape unit after that run. 

If the data at some time t, as illustrated in Figure 1, exceed 132 characters, two o r  more 
physical tape units (tape drives) are used for output during the run of subprogram 3. If the data 
at some time t, as illustrated in Figure 1, exceed 1320 characters (132 characters times 10 tape 
drives), o r  if more than ten tape drives are needed for output, the computer will stop its execution 
of subprogram 3 after printing an "informative" message on-line and return control to the Basic 
Monitor. (If ten tape drives a re  used for output during the computer run of subprogram 3, logical tape 
unit A2 (SYSIN1, the system input tape unit for the T&DS IBM 7094 computers at GSFC) is elimi- 
nated by subprogram 3, and the computer "hangs-up" after the subprogram 3 computer run.) 

The output tapes of subprogram 3 are printed off-line, by the IBM 1401 computer, on 132 
character-wide paper o r  sheets. The print-out sheets of the output tape(s) of each tape drive used 
for  output during the subprogram 3 computer run are decollated and then bound into a book. Within 
each book of scheduling data, there exists no unused character space between the data of two 
adjacent STADAN stations even though the number of satellites serviced by one of the stations is 
not the same as the number of satellites serviced by the other. However, an unused character 
space or spaces may exist at the end, width-wise, of each page o r  sheet of a book of scheduling 
data, since all the scheduling data of each STADAN station are contained within one book of 
scheduling data. (Subprogram 3 can be modified o r  revised so that unused character spaces can- 
not exist when the station count (JK) of each STADAN station within the book is less than the 
station count of any STADAN station within another book of the same run. The result would be 
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. 
that, the data of some STADAN stations would be divided o r  broken-up and placed into two separ- 
ate books. This might appear to be bad human engineering from the viewpoint of the STADAN 
station scheduler. ) 

PASS-CHAINS OF FINAL OUTPUT 

In the final print-out or  books of scheduling data, it is easy to recognize the station passes of 
each satellite by observing the vertical chains of data, at one minute intervals, under the satellite's 
notation or  identification character(s). Henceforth, a vertical chain of data at one minute intervals 
will be called a pass-chain. 

Regardless of the time increment variations of successive data points of predicted satellite 
operations, no break(s) will ever occur in a pass-chain except when, during a station pass of more 
than 1 day, the day count increment (disregarding the 365 o r  366 days/year) of two successive 
data points of predicted satellite operations exceeds 1 day. Scheduling data are not generated for 
the date or  dates on which no data point of predicted satellite operations is computed. If at least 
1 data point of predicted satellite operations for a station pass  of any duration is computed for a 
date, additional scheduling data will be generated to complete the pass-chain for that date. To 
guard against breaks in the pass-chain, the time increment of any two successive data points of 
predicted satellite operations for a station pass should never exceed 24 hours o r  1440 minutes. 
(While it is recognized that the above case is remote, the situation could be encountered with 
Syncom-type satellites and deep space probe vehicles.) 

METHODS FOR HANDLING EXTRAORDINARILY LARGE NUMBERS 

OF STATIONS AND SATELLITES 

Each of the T&DS IBM 7094 computers (A, B, and C) at GSFC has a maximum of 14 physical 
tape units (tape drives), even though each has 30 logical tape units. Subprogram 3 can use up to 
12 of the 14 physical tape units, 2 for input and 10 for  output. The 7094 computer system will not 
allow subprogram 3 to use the remaining 2 physical tape units. 

The 10 output tape units used in subprogram 3 with 132 character-wide print-out sheets are 
presently adequate for all normal operations. However, in an abnormal operation and with the 
number of satellites in orbit steadily increasing, the 10 output tape units, as used in subprogram 
3 with 132 character-wide print-out sheets, may or  will soon be inadequate. In order to make the 
10 output tape units adequate for  all present and future operations, including extra large numbers 
of stations and satellites, it is necessary to  devise methods o r  techniques to overcome the above 
limitations. Three such methods are given here. 

Method 1: The names of the STADAN stations, which a re  listed in the predicted satellite oper- 
ations data and are not NOSTAT stations, are separated into two o r  more sets (set 
A, set B, etc:). Then, 

(a) The members of all of the above sets except, say, the set A are punched on 
subprogram 1 input data cards as NOSTAT stations. Now, the above input data 
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cards, other appropriate data cards, and all of the predicted satellite operations data 
are input, in the usual manner, into the computer for a run of subprogram 1. Using 
the output of subprogram 1, subprograms 2 and 3 are run in the usual manner, also. 
The final result of these three runs is a set of books of scheduling data whose STADAN 
stations a re  members of set A. 

(b) The members of all the sets except set B are punched on subprogram 1 input data 
cards as  NOSTAT stations. These input data cards, other appropriate data cards and, 
again, all of the predicted satellite operations data are input, in the usual manner, 
into the computer for a run of subprogram 1. Using the output of subprogram 1, sub- 
programs 2 and 3 a r e  run in the usual manner. The final result is a set of books of 
scheduling data whose STADAN stations are members of set B. 

(c) This method may be continued for any number of sets. Of course, the method 
increases the computer time; however, the placement of the scheduling data within the 
books is virtually unaffected. 

Method 2: The names of the satellites, each of which is predicted to pass through the field of 
tracking and data acquisition of at least one non-NOSTAT station and whose predicted 
operations data are to be input into the computer for the run of subprogram 1, a r e  
separated into two or  more sets  (set G, se t  H, etc.). Then, 

(a) The predicted operations data of the satellites whose names a r e  members of one 
and only one of the above sets, say set G, are input for a run of subprogram 1. The 
input data cards of subprogram1 are appropriately adjusted for the run. Using the 
output of subprogram 1, subprograms2 and 3 are run in the usual manner. The final 
result of these three runs is a set of books of scheduling data whose satellites are 
members of set G .  

(b) The predicted operations data of the satellites whose names are members of set 
H are input into the computer for another run of subprogram 1. The input data cards 
of subprogram 1 are appropriately adjusted, again. Using the output of subprogram 1, 
subprograms 2 and 3 are then run in the usual manner. The final result is a set of 
books of scheduling data whose satellites are members of set H. 

(c) Method 2 may also be continued for  any number of sets. The computer executing 
time, excluding compiler time, is not significantly increased by this latter method. 
However, the placement of the scheduling data within the book is affected. 

Method 3: An appropriate combination of methods 1 and 2, above. 

EXPLANATION OF THE EXAMPLE OF THE FINAL OUTPUT FORMAT 

A blank at time t in column A, B, o r  C under a particular station indicates that RELAY 1, 
RELAY 2, or ECHO 2 is not in the field of tracking and data acquisition of that station at time t. 
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Fdr example, at time 0836, RELAY 1 and 640908 252 

RELAY 2 are not in the field of tracking and 
data acquisition of FTMYRS. 

A, B, or  C at time t in column A, B, o r  
C under a particular station indicates that 
RELAY 1, RELAY 2, or ECHO 2 is in the 
field of tracking and data acquisition of that 
station but is not in  sunlight at time t. For  
example, at time 0836, ECHO 2 is in the field 
of tracking and data acquisition of FTMYRS, 
LIMAPU, and QUITOE but is not in the 
sunlight. 

An asterisk at time t in column A, B, o r  
C under a particular station indicates that 

TIME 
H M  
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 
846 
847 
848 
849 
850 
851 
852 
853 
854 

FTMYRS JOBURG 
A B C  A B C  

c .  . 
c .  . 
c .  . . * .  

. * .  . . .  . . .  . . .  . . .  . . .  . . .  

. * .  

. * .  

. * .  . . .  . * .  

. * .  

. * .  . . .  

IDENTIFICATION 

A-RELAY 1 

LIMAPU 
A B C  

c .  
c .  
c .  
c .  
6 -  
c *  
c -  
c .  
C '  
c .  
c .  
I .  

t .  

I .  

t .  

OOMERA QUITOE 
A B C  * A B C  - c -  

7 .  
c *  
c *  
c -  
c -  . c .  . c .  . c .  . c .  . c .  

* .  

* .  t .  

t .  

* .  
I ) .  

t .  

* .  
I .  

t .  

SNTAGO 
A B C  

5 1  

A *  
A *  
A *  
A +  
A *  
* I  

RELAY 1, RELAY 2, or  ECHO 2 is in the C-ECH02 B -RELAY 2 

field of tracking and data acquisition of that 
station and is in sunlight at time t. For ex- 
ample, at time 0836, RELAY 2 is in  the field 
of tracking and data acquisition of JOBURG and is in  the sunlight. 

Figure 1-An example o f  the f inal output format. 

At time 0837, 7 in column C under station QUITOE indicates that ECHO 2 is at maximum 
elevation angle in the field of tracking and data acquisition of QUITOE, but is not in sunlight, and 
that the maximum elevation angle ranges from 70-79 degrees. 

At t ime 0847, 5* in column C under station SNTAGO indicates that ECHO 2 is at maximum 
elevation angle in the field of tracking and data acquisition of SNTAGO, is in sunlight, and that the 
maximum elevation angle ranges from 50-59 degrees. 

The character 0, followed by the blank character, w a s  used to separate the data of the stations 
(see the parameter DOTS2 of the INPUT DATA CARDS of SUBPROGRAM 3). 

CONCLUSION 

The computer program is capable of deleting, from the predicted satellite operations data 
(as calculated by the revised GSFC orbital programs), the data of any orbital parameter, station 
pass, STADAN station, and/or satellite; handling o r  processing the predicted operations data of 
any satellite, including Syncom or  a Syncom-type satellite (which would have a single continuous 
pass  f rom Start-Date to Stop-Date); imposing no limits on the duration of any pass (that is to say, 
the computer program can handle a station pass  of any duration); generating or  calculating new 
predicted satellite operations data when the time interval (during a station pass) of successive 
predicted satellite operations data points equals o r  exceeds two minutes; and processing, by 
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methods 1, 2, and 3 as described above, the predicted operations data of extraordinarily large 
numbers of satellites and stations. 

In addition to  improving STADAN station scheduling, the computer program may also serve 
as a catalyst to a Phase II-type computer program for more automated station scheduling. 

The utilization of this computer program will result in a significant saving in manpower and 
a faster and more efficient operation. 

(Manuscript received October 7, 1965) 
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Appendix A 

Computer Program Statements 
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SUBPROGRAM 1 

BIBSYS 
B I D  R02T WDD521A9 X 4 1 8 9  
%* DEAR @PERATOR* P L E A S t  MOUNT THE TAPESsAS DESIGNATED ON 
s+ INSTRUCTIBN CARDION A 5 r A 6 r A N D  85. A3 AND 86 ARE M Y  OUTPUT 
%* UNITS. SAVE M Y  R6 @(ITPUT TAPES. 
I* RESTART MACHINE. THE MACHINE WILL READ AND REWIND A59A69 
$*  AND B59SEQUENTIALLY AhD CYCLICALLYIUNTIL ALL TAPES ARE 
%* RFAD. AFTER A59A6rOR 8 5  IS REWOUND9 MOUNT~IMMEDIATELYITHE 
s* NEXT TAPE AS SHOWN ON INSTRUCTION CARQ.  
BPAUSF 
BDATF 0 5 2 0 6 5  
B FXFClJT F 
B I B J O B  G@ 
B I B F T C  V A I N  
C STATION SCHEDULINGISUBPROGRAM 1 @F PHASE 1 

I R J O R  

L O G I C A L  FOF 
COMMON/SYSFPF/F9F 

CALL S Y S G @ ( 3 4 )  
C A L L  SYSG4 ( 3 5  ) 

FOF=.FALSF. 

INTFGFR X , O P ~ E N I S T A ~ T I M F I Z I T N S A T L  
ODATA OP/6HOP / rEN/6HEN /,STA/6HlSTATI/,TIME/6H(TIME /rICHAH/ 
16H* / 
ODIMENSION N O S T A T ~ 9 9 ~ ~ J S T A T ~ 1 0 0 ~ ~ K T I M o r J T I ~ ~ 9 O O ~ ~ ~ I N S i 9 O O ~ ~ J E L ~ 9 O  
1 0 ~ ~ J C H A R ~ 9 0 0 ~ r J D A Y ~ 9 0 0 ~ ~ J D A T E ~ 9 0 U ) ~ N T I I ~ l ~ 9 0 0 ~ ~ N E L ~ 9 0 0 ~ r ~ C H A ~ ~ 9 0 0 ~ ~ ~  
Z D A Y ( 9 0 0 ) r N D A T E ( 9 0 0 )  

3 

5 

16 
18  

19 

70 

2 1  
22 

2 3  

24 

25 

26 

16 

READ ( 2 t 3 ) T N S A T L  
FORMAT ( 1 3 )  
K=O 
J = l  
O n  4 I Z l r T N q A T L  
READ ( ~ , ~ ) Z ~ J P S I ~ K E Y ~ N O S I ( N @ S T A T ( L ) * L = ~ ~ N O S )  
FBRVAT ( A 1 9 4 4 9 I l t I 2 r 9 9 A 6 )  
IF ( K F Y ) l 6 9 1 7 * 1 6  
GPTR ( 1 8 9 1 9 9 2 0 ) r J  
RFAO ( 5 9 2 1 ) K Z K I P  
I F  (FOFIGOTO 2 2  
GOTO 1 8  
READ ( 6 9 2 1 ) K S K I P  
I F  (EOFIGOTO 2 2  
GOTO 1 9  
RFAO ( 1 5 9 2 1 ) K S K I P  
I F  (FOF)GOTO 2 2  
GOTO 2 0  
FORVAT ( 1 1 )  

I F  ( K F Y - l ) 2 3 2 r 1 7 1 2 3  
K F Y = l  
GOTO ( 2 4 r 2 5 r 2 6 ) r J  
REWIND 5 
J = 2  
GOTO 19 
PFWIND 6 
J = 3  
COTO 2 0  
RFWINn 1 5  
J= l  
GOTO 1 8  

€OF = ; F A  L 5 F . 



. 

71 

3 3  
7c) 

4 0  

4 1  

-33 
4 )  

4 3  

4 4  

4 5  

47 

48 

4 9  

4 6  
5 3  

5 1  

5 2  
I F  (EOF)GOTO 5 4  
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GOTO 5 5  
53 FORMAT ~ 1 X r A 2 r l X r A 6 r A l r 6 X r A 3 ~ l X r A 6 r l X r 4 A l ~ l 4 X r A 4 r l 6 X ~ A l ~  
5 4  F Q F = o F A L S F o  

G 9 T O  ( 5 6 r 5 7 r 5 8 ) r J  
5 6  R F W I N D  5 

J=2  
GQTP 5 1  

J = 3  
G n T ?  5 2  

5 8  P F W I N O  1 5  
J =  1 
CFlTm 5 0  

5 7  Q F W I N n  h 

55 O@ 5 9  " = l r N P S  

59 r ? N T I N I J F  
I F  (KSTAT-NOSTAT(M))59,60.59 

J C T C = Y S T C  
I F  ( K ) 6 1 r 6 2 r h l  

I F  ( J S T A T (  J K ) - K S T A T ) 6 3 r 6 4 . 6 3  
6 1  Dn 6 3  J K = I r K  

67 C n Y T I Y I J F  
6 2  K = K + l  

J K  =K 
J S T A T ( J K ) = K S T A T  

64  N R I G = O  
196 NPASS=O 

6 5  00 66 N t l r 9 0 0  
00 6 7  M z l . 4  
K T I Y ~ M I = K T I ~ ~ Y ) / ( 2 * + 3 0 )  

J ~ I M ~ N ~ = K T I ~ ~ 1 ~ * ~ 1 0 + * 3 ~ + K T I M ~ 2 ~ * ~ l ~ * ~ ~ ~ + K T I M ~ ~ ~ * l O + K T I M l 4 )  
M I N S  ( N  1 = K T  I M  ( 7 1 * I  C+K T I H ( 4 )  
J F L ( N ) = K F L  
J C H A P  I N 1 =K CHAP 
J D A Y ( N l = K D A Y  
JDA T F  ( N 1 = K  D A T  F 

6 7  C n N T I N O F  

80 GOTO ( 6 R r 6 9 r 7 0 ) r J  
6 8  R E A D  (5r153)KSTCrKPASSrKDAYrKI~ATErKTIMrKELrI(CHAR 

I F  I F O F ) C F I T ~  7 1  
GOTO 7 2  

I F  ( F P T ) G O T n  7 1  
C q T n  77 

6 9  R E A D  ( 6 ~ 1 5 3 ) K S T C r K P A S S r K D A Y r K ~ A T F r K T l ~ r K ~ L r K C I i A R  

70 R E A D  I 1 5 r l 5 3 ) K S T C * K P A S ~ r K 0 A Y r K ~ A T ~ r K T l M r K E L r K C H A R  
I F  ( F 6 l F ) G Q T O  71 

1 5 3  FORMAT ( l X r A 2 r 7 X r A l r 6 X t A 3 r l X r A 6 r l X r 4 A l r 1 4 X r A 4 r l 6 X r A l )  
7 1  FOF=oFAL:Fo  

C O T 9  ( 7 7 9 7 4 r 7 5 ) r . J  

J = ?  
GOTO 69 

J=3 
GOTO 70 

7 5  PFWIND IS 
J= 1 
GOTO 6 8  

73  R F W I N O  5 

74 R F W l N O  6 

77 I F  ( J S T C - K S T C j 7 7 r 7 6 r 7 7  
76 I F  ( K P A 5 S - l C t i A R  1 66 978  r(,6 



. . 
. 

7 7  GOTO ( 8 1 r 8 2 r 8 3 ) r J  
8 1  R E A D  ( 5 r 2 1 ) K S K I P  

I F  I E O F ) G O T O  8 4  
GOTO 8 5  

I F  1 F O F ) G O T O  8 4  
GOTO A5 

I F  ( F O F I G P T O  A 4  
GOTO 85 

82 R F A D  ( 6 r 2 1 ) K S K I P  

83 R F A D  l l S v 2 1 ) K S K I P  

84 F O F = * F A L S F *  
GOTO ( 8 6 r 8 7 r e B ) r J  

86  R E W I N D  5 
J=2  
G O T d  8 2  

J=3 
G@TQ !!? 

J= 1 
G A T O  8 1  

A7 P F W I N D  6 

48 R F W I N O  1 5  

8 5  I F  ( K S T C - @ P ) 7 9 r 8 0 r 7 9  
66 C O N T I N U F  

N P A S S = 9 0 0  
N = 9 0 0  

79 GOTO ( 8 9 r 9 0 r 9 1 ) s J  
A 9  R F A D  ( 5 r 9 2 1 K S T C  

I F  ( E O F ) G n T O  93 
C n T n  78  

90 R F P D  ( 6 s 9 2 ) K S T C  
I F  (FAF)G@TI; ,  93 
COTO 78  

I F  ( F A c ) G n T D  93 
G n T @  78 

9 1  P F A O  l l q r 9 2 ) K S T C  

92 F O R V A T  ( 1 X r A 2 )  
93 F O F = e F A L S F *  

GRTO 1 9 4 r 9 5 r 9 6 ) r J  
94  R F W I N D  5 

J= 2 
G n T Q  9 0  

J=’3 
G P T q  91 

96 R F W I N O  1 5  
J= 1 
G @ T n  8 9  

4 5  Q F W I N O  6 

78  I F  ( N R I G 1 9 7 r Q A r 9 7  

97 00 99 M = l r N  
98 J F L V = O  

J F L M = M A X O ( J F L f M ) r J E L M )  

I F  ( J F L ~ - J P S I ) 1 0 0 r 1 0 1 r l O l  
I n 1  I N = ]  

P X = l  
l X = 1  
J 6 7 0 = 2  
J624=2 
J612=2 
J 6 3 2 = 2  

99 C O N T I N U F  
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NOATF ( I X = JDATF ( M X  ) 
Gr;)Tn 1q)R 

640 NJT I M = J T  I f 4  ( M Y  ) 
N J F  L = J F L  ( f,4 X 
NJCHAR=JCHAP(VX) 
NJOAY=JDdY(VY) 
NJDATF=JDATF ( M X )  
NM 1 N c  = Y I N S  ( M X  ) 
I x =  I x - 1  
GOTO 1178 

1’36 I F  ( J T I M ( M X ) - 3 0 2 3 5 9 )  113rlllr111 
1 1 0 I F ‘4 I N 5 ( M X 1 -0 0 3 3 5 9 1 6 3 5 r 6 7 3 9 6 0 5 
2 1 1  N T I M ( I X ) = J T I P ( M X )  

N F L ( I X ) = J F L ( M X )  
NCHAR( IX)=JCtIP,P (N ix )  
N O A Y ( I X ) = J D A Y ( M X )  
Y O A T F ( I X ) = J O A T F ( Y X )  
I F  I l X - 9 ~  ) 6 3 2 9 4 3 ’ 3 9 6 ? 3  

672 I F  ( J E L ( M X ) - J F L M ) 1 1 2 r l l ’ 3 r l l ~  
1 1 3  J F L ( M X ) = J F L ( I N )  
1 1 2  I X = I X + l  

J T I Y ( M X ) = O  
M I N S ( M X ) = O  
JOAY ( M X  I=JDAY I N )  
J D A T F ( u X )  =JT)/\TF( I N  1 
GOTG) 611 

GOTO 1 0 R  
6 3 3  J 6 7 2 = 0  

1 0 2  IF ( J D A T F ( I N ) - N J D A T F ) 1 1 4 ~ 1 1 5 r 1 1 4  
1 1 5  IF ( N M I M S - 0 0 C ~ 5 9 1 1 1 6 r 1 ! 7 r l  16  
1 1 7  I F  ~ J T I M ~ ~ N ~ - N J T I M - 0 0 C C 4 1 ~ 1 1 8 r l 1 9 r l 2 ~  
1 2 0  N T I M ( I X ) = N J T I M  

NFL ( I X  1 =YJFL  
NCHAR( IX)=NJCHAR 
N D A Y ( I X ) = N J D A Y  
N D A T F ( I X ) = N J R A T E  
I F  ( I X - 9 0 3 ) 1 2 1 r 1 2 7 r 1 2 2  

1 7 1  I F  ( N J F L - J F L ~ ) 1 2 ? r l 2 4 r l 7 4  
1 7 4  N J F L = J F L ( l N )  
17’3 I X = I X + l  

N J T I ~ = N J T I ~ l + 0 0 0 ~ 4 1  
NMINS=n 
I F  ( JDATF(  I N ) - N J D A T F ) 1 2 5 , 1 1 6 r l 2 5  

1 1 6  I F  ( J T I M ( I N ) - N J T I Y - 0 3 ~ 3 0 1 ) 1 1 8 , 1 1 9 r 1 2 5  
118 I F  (JFL(IN)-JFLY)126r127rl27 
1 7 7  N J F L = J F L ( I N )  

NJCHAP=JCHAR(TN) 
1 2 6  IF ( I N - N ) 1 2 R r 1 2 9 r 1 7 8  
1 2 9  I F  l N P A S c ) l o h r ? 9 1 r 1 9 h  
3 0 1  Y T I h A ( I X ) = N J T I M  

N F L ( I X ) = N J F L  
NCHAR( IX )=NJCHAP 
NDAY( IX )=NJDP.Y  
N O A T F ( I X ) = N J D A T E  
GOT@ 1 0 8  

G n T O  1 “2  

N F L ( I X ) = N J F L  
NCHAR ( I X )  =NJCHAR 

1 2 8  I N = I N + 1  

119 N T I Y (  I X ) = Y J T I Y  
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. 

1 8 4  I F  ( J l ? O ) l R h r l R 7 r l 8 6  
1 8 6  I F  ( J 1 2 1 ) 3 @ 8 r 1 8 9 r 1 8 8  
188 I F  ( J 1 ? 2 ) 1 ~ 0 r 1 9 1 r 1 9 0  
1 9 0  I F  ( J 1 7 9 ) 3 7 6 9 1 9 3 9 1 7 6  
1 7 9  J 6 3 0 = 2  

I x = 0  
GOTO 6 3 0  

I X = 0  
GOTO 6 2 4  

I x = o  
CaTR 6 1 7  

I x = o  
GFTO 632 

I x = o  
G O T 9  1 3 0  

I x = o  
GOTO 1 2 1  

1 8 1  J 6 2 4 = 2  

183 J 6 1 2 = 7  

l R 5  J 6 7 2 = 7  

IF17 J 1 3 0 = 2  

1 8 9  J 1 2 1 = 7  

191 J 1 3 7 = 2  
I x=n 
GOTP 132 

I X = O  
G 9 T O  1 3 9  

1 9 3  J 1 3 9 = 7  

1 7 6  I F  ( N P A S S ) l 9 4 r l X r 1 9 4  
194 NRIG=4 

GOTO 1 9 6  
1 0 0  I F  I J S T C - K S T C ) 1 9 7 * 6 4 r 1 9 7  
1 9 7  PRINT I ~ ~ ~ J K ~ J S T A T ( J K ) ~ I I Z ~ I D E N T  
1 9 9  FORMAT ( 7 X r I 3 , 3 X r A 6 r 8 X r I 3 r 3 X 1 A 1 , 3 X , A 5 )  
2 2 7  I F  ( K S T C - F N 1 4 6 r 2 2 7 r 4 6  

2 1 8  GOTO ( 2 0 0 9 2 0 1 9 2 9 2 ) 9 J  
2 0 0  RFAD ( 5 9 9 2 ) K S T C  

I F  (FOFIGRTP 2 0 4  
I F  (JSTC-YSTC)205,200,205 

I F  (EnFIGPTO 2 0 4  

2 0 2  QFAD ( 1 5 r 9 2 ) K S T C  
I F  (FOFIGOTO 2 0 4  

6q  JcTC=KSTC 

2 0 1  RFAD ( 6 r 9 2 ) K S T C  

I F  ( JSTC-KSTC)205r201 ,205  

I F  ( JSTC-YSTC)2?5 ,202 ,205  

GOT@ ( 2 0 6 r Z 0 7 r 2 0 9 ) * J  
7 n 4  FRF=.FALSF. 

3nh DFWTNt7 5 
J = 7  
GOT@ 7 0 1  

2 0 7  RFWIND 6 
J = 3  
G O T 8  2 0 2  

J= 1 
G O T 9  2 0 0  

7 0 8  RFWIND 1 5  

2 0 5  GOTR ( 2 0 9 9 2 1 0 * 2 1 1 ) r J  
7'79 R F A O  I 5 r 7 1 ) K 5 C I P  

I F  (FOFIGnTO 2 1 2  
GOTO 213 
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7 1 ”  RFAO 1 6 r 2 1  l Y c Y I P  
I F  (FRFIGRTR 2 1 2  
GOTO 2 1 3  

I F  (FOFIGOTR 2 1 2  
GOTO 2 1 3  

2 1 1  PFAO 1 1 5 r 2 1 l Y ~ K I P  

217 FOF=oFALSFo 
W T O  ( 2 1 4 r 7 1 5 r 2 1 6 l r J  

7 1 4  RFWINO 5 
J=? 
G O T O  7 1 0  

7 1 5  QF’JIND 6 
J= 3 
G h T R  2 1 1  

J= 1 
GnTR 7 0 9  

716 PFWIND I5 

213 I F  ( K S T C - O P l 2 1 7 r 2 1 8 r 2 1 7  
7 1 7  6 0 T R  1 2 1 9 r 2 2 0 , 2 2 1 1 t J  
7 1 9  QF4D ( 5 r 9 7 l K S T C  

IF ( F s F l G n T Q  2 7 2  
G A T 4  771 

I F  I F f 3 F l W T O  2 2 7  
GQTR 2 2 3  

I F  ( F n F ) W T R  2 2 2  
CSTQ 2 2 3  

772 F?F=.FhLcF. 
GOTO 1 2 2 4 r 2 2 5 r 2 2 6 1 r J  

774  PFIhlINn 5 
.J=7 
G Q T Q  7 2 0  

7 7 5  R F I , I ~  yn 6 
J=? 

GnTm 2 2 1  
276 Q F Y I N n  1 

J= 1 
G n T @  2 1 9  

275 R F W I N O  5 

770 Q F A O  ( 6 r 9 7 ) K S T ~  

2 2 1  PF4O ( 1 5 g 9 2 ) K S T C  

227 G O T O  ( 7 2 A r 2 2 9 r 2 7 3 1 r J  

J = 7  
GRTO 4 

J=? 
GFTn 4 

77’7 R F W I Y D  1 5  
J= 1 

4 C n N T I Y C J F  
POINT 2 7 1  

FND F I L F  1 6  

FNn 

279 PFWIND 6 

2’31 FORVAT (1HOr13HEND OF PCJFJI 

277 STQP 

B I R r r A P  ( IN16 
FNTRY . l IN lh.  

. “ N l h o  P I F  l l N l T l 6  
U N I T 1 6  F I L F  r B ( 2 1 r R C A 0  Y@ I NOU T F! L 1(= 2 2 *,4lJL T I i iF  t L r HC 0 r HSLD r 14GL I S T 

F hi n 

24 
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. 

N U  = N U +  1 
GOTO 11 

7'3 J X X = Y I I  
I F  ( J X X - 6 ) 2 1 * 2 2 * 2 3  

7 7  IF I J X X - 7 ) 2 2 * 7 4 r 2 '  
7 5  I F  ( J X X - P ) 2 4 1 7 6 * 2 7  
37 IF f J X % - Q ) ? h t 7 * r 2 "  
7 9  IF ( J X X - l Q ) ? F r ? ? r ? l  
2 2  P Q I Y T  3 2  
7 2 0 F O R P A T  ( 1 H ? r 6 7 H B P E i ? t 7 T d R  A C T I P N  P A t J < F - - - - i ) I A L  T A P E  U ~ I T  A 4  T C  ~ 7 .  

1 9 F S T A 9 T  V 4 C F I V F . )  
P A O S F  
RFhIIrYn 7 
C m T n  71 

2 4  P R I N T  3 3  
3 3 0 F n l l M A T  ( l H C t 7 2 H P P E R A T O R  A C T I F N  P A U S E - - - - D I A L  A 4  T B  A 7  AND 84  TO 87 

1. R F S T A Q T  M A C H I N F .  ) 

P A U S F  
Q F V I N n  7 

G P T R  2 1  
QFWIND 17 

26  P R I N T  34 
3 4 C F O R M A T  ( l H O r B S H O P E R 4 T O R  A C T I O N  P A U S E - - - - D I A L  A 4  TO A 7 r  84 TO 8 7  AN 

ID 82  TE' BP. R E S T A R T  M A C H I N E . )  
P A U q F  

R F W I N D  7 
Q F W I N n  1 7  
Q F W I N D  1 9  
C n T n  2 1  

2 8  P R I N T  7 5  
3 5 0 F O R V A T  ( l H O r 9 C H O P E R A T O R  A C T I O M  P A U S E - - - - D I A L  A 4  TO A 7 9  84 TO 879 B 

1 2  TO 68 AND 81 T O  8 9 .  R F S T A R T  Y A C H I N F . )  
PAIJSF 
R E W I N D  7 
R F W I N O  1 7  
P F W I N O  1 8  
R F W I N O  19 
GOTO 2 1  

7 0  P R I N T  36 
3 6 0 F O R M A T  ( l H O r 1 1 9 H O P E R A T O R  A C T I O N  PAUSE-- - -REPLACE R E E L  ON A 2  W I T H  A 

1 N  OUTPUT REEL.  D I A L  A 2  TO A 8 t A 4  TO A 7 9 8 4  TO 8 7 9 8 2  T O  68 AND 8 1  T@ 
Z R 9 . / 1 H O r 2 5 X r 1 6 H R E S T A R T  M A C H I N E . )  

PA tJSF 
R F W I N n  7 
Q F W I N n  17 
R F W I N D  1 8  
R F W I N O  19 
GOTO 2 1  

3 1  P R I N T  37 
3 7 0 F O R M A T  (1H0 ,65HSTO~PING- - - - INSUFFIC IENT NO. O F  P H Y S I C A L  T A P E  U N I T S  

1 FOR T H I S  JOB.) 
GOTO 9 

2 1  R E A D  ~ ~ ~ F D A T E I F T I M E I L D A T E I L T I M E  
3 8  FORMAT L 4 A 6 )  

no 49 J I l r J X X  
GOTO (50r51r52r53r54r55r56r57r58r59)rJ 

5 0  W R I T E  ( 3 r 6 C ) F D A T E r F T I M F r L D A T F v L T I M E r J r J X X  
G o T O  49 

51 W R I T E  (lSt60)FDATErFTIMErLDATErLTIMErJrJXX 
GOTO 49 
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5 2  W R I T E  ( 1 6 , 6 0 ) F D A T E r F T I M E r L b A T E r L T I M E r J , J X X  

5 3  W R I T E  ( 2 1 , 6 ~ ) F D A T E r F T I Y € r L ~ A T ~ r L T I ~ ~ ~ r J r J X X  

5 4  W Q I T F  ( 2 2 , 6 C ) F D A T € r F T I ~ F r L O b T F , L T I Y F I J I J X X  

C 9 T n  49 

G 9 T P  49 

G F T n  49 

G n T n  49 

G n T Q  49 

C S T A  49 

T,hTQ 49 

5 5  W R I T F  ( 7 r 6 G ) F D P T E r F T I Y F r L D ~ T ~ r L T I ' ~ F r J r J X X  

5 6  W R I T F  ( 1 7 r 6 3 ) F D A T E r F T I M F r L D A T E r L T I M F 9 J r J X X  

5 7  W R I T E  ( ~ S ~ ~ ' ~ ) F D A T E I F T I M F ~ L D A T E , L T I Y F ~ J , J X X  

5 8  W R I T E  ( 1 9 r 6 i ) F D A T E r F T I Y E r L D A T E r L T I M F r J I J X X  

5 9  W R I T F  I ~ ~ ~ ; ) F ~ A T E I F T I M F ~ L ~ A T F ~ L T I M F ~ J ~ J X X  
6 O O F n R Y A T  (1H1/1H'~/~H';/1Hf~/lH3/1H3/1HO/1H~/1H~/1H1/1H?/11i0r49Xr2?H~~E 

1 R A T I e N A L  P R F D I C T I G Y S  F ? ' I / l H  1 5 3 X r 1 8 H T T A T I O N  S C H E D U L I N E / l H O r 4 9 X r 4 H F  
2 R O M * 2 X r A 6 r l X r A 6 / 1 H  r 5 1 X t 2 H T O r L X r A 6 r l X r A 6 / l H O r 5 6 X r 5 H ( ~ A ~ T r l X , 1 2 ~ l X r  
32HOFrlXrI2rlH)/lHl/lH~*77HID. I D o N O .  S A T E L L I T F  c T A R T - D A T F  S T A R  

5 " V D  H t.4 C D F G o  
4 T - T I M F  S T O P - D A T E  S T O P - T I M E  V I N o € L . / l t l  r 2 4 X r 5 0 H Y  ;.1 0 H r4 2 

49 C n Y T I N U F  
J R F =  1 
J J 2 =  1 
DO 6 1  J T z I r T N S A T L  
R E A D  6 2 r 2 r I D F N T r J S A T L r N O S r J S D A T r J S T I ~ r J X I ~ A T r J X T I M r J ~ S I  

nn 6 7  JzlrJXX 
GOTO ( 6 4 r 6 5 r 6 6 , 6 7 r 6 ~ * 6 3 r 7 3 , 7 1 , 7 2 r 7 3 ) r J  

GOTI;) h? 

C O T n  6 7  

GOTO 6 3  

G 9 T 9  6 3  

G s T n  6 3  

G n T Q  h? 

GOTI;) 6 7  

GOTO 6 3  

G d T 9  6 3  

6 2  FORMAT I A l r l X r A 5 r l X r A 6 r A 4 r l X r A 6 r l X I A b r l X I A 6 ~ l X ~ A 5 ~  

6 4  W R I T F  I ~ . ~ ~ ) Z ~ I D T N T I J S A T L ~ N ~ ~ ~ ~ J ~ . ~ A ~ ~ J ~ T I ~ ~ J X ~ ~ A T ~ J X T I M ~ J P S I  

6 5  W R I T E  ( 1 5 r 7 4 ) Z r I D F N T r J ~ A T L r N ~ , j r J 5 1 ) A T r J S T I i ~ r J X I ~ A T r J X T I M r J P S I  

6 6  W R I T E  ( 1 6 r 7 4 l Z r I D E N T r J : A T L r ~ ~ ~ r J ~ ~ A T r J S T I t ~ r J X ~ A T r J X T I M r J P S I  

6 7  WRI  TE ( 2 1  974 ) Z r  1I)ENT r J 5 A T L  rN6;r J S I ) A  T r J ; ?  I M r  J X D A T r  J X T  1 M r  J P S I  

( 2 2  974 ) Z  9 I O T N T r  J',ATLINL,JI J S D A T  9 J S T  I t 4 1  J X I > A T  r J X T  I M r J P S l  

( 7 r 7'1 17 r I D E N T  r J S A  T L  9 N O 5  r J 5Dla T 9 JC, T I14 r JX D A  T 

6 8  W R I  T €  

69 WR I T F  

70 W R I T F  ( 1 7 r 7 4 ) Z r I f ) E N T r J i A T L r N O ~ r J S I ) A T r J ~ T I M r J X U A T t J X T I M r J P S I  

J X T I M JPS I 

71 W R I T E  ( 1 8 r 7 4 l Z ~ I b E N T r J C A T L r N O C . r J r , I ~ A ~ r J ~ T I M r J Y I ) A T ~ J X T I M r J P S I  

72 W R I T E  ~19r74)ZrIOtNTrJSATLrNOSrJSOATrJSTIMrJXUATrJXTIMrJPSI 

73 W R I T E  ( 8 r 7 4 ) Z r I D E N T r J S A T L r N ~ S r J ~ l ) A T r J S T I M r J X ~ A T r J X T I ~ r J ~ S I  
7 4  FORMAT (1H r A l r 4 X 1 A 5 r 3 X r A 6 r A 4 r l X r A 6 r 6 X r A 6 r 6 X r A 6 r 5 X r A 6 r 5 X r A 5 )  
63 C O N T I N U F  
6 1  C O N T I N O F  

NIJ= 1 
N S = O  
L=O 
K = O  

7 5  Y X = 1  
S 1  N c , = N 5 + I  

JT.1 
76 L = L + l  

K = K + 1  



. 
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! 17 WCPTL=’ACPTL (NX 

JFL ( N )  =DE r H  
N=N+1 

114 CPNTINUF 
NX=NX+I  

1 1 5  NS=Nq+I  

nn 1 1 4  ‘ > = I  rNSATL 

I F  ( N S - N S V ( J ) ) 1 1 5 r l l 6 r l 1 5  

J F L  ( N )  =DOTS2 
N=N+1 
GOTO 1 2 9  

116 N=N-1 

1 1 7  WRITF ( 3 r l 2 7 ) J T I M r ( J F L ( I N ) r I N = l r N )  

118 WRITF ( 1 5 r l 2 7 ) J T I M r ( J E L I I N ) r I N = l r N )  

119 WRITF ( 1 6 r 1 2 7 ) J T I M r ( J E L ( I N ) ~ I Y = l r Y )  

1 2 0  WRITE ( 2 1 r 1 2 7 ) J T I ~ r l J F L ( I N l r I N = l r N )  

1 2 1  WRITF ( 2 2 r 1 2 7 ) J T I Y ~ ( J E L ( I N ) r I ~ = l r N l  

1 2 2  WRITE ( 7 r 1 2 7 l J T I ~ r ( J F L ( 1 N ) r I N = l r N )  

1 2 3  WRITF ( 1 7 r 1 2 7 l J T I ~ ~ ( J F L ( I N ) r I N = l t Y )  

124 WRITF ( 1 8 r l 2 7 ) J T I ~ * ( J F L ( I N ) r I N = 1 , Y )  

1 2 5  WRITF I 1 9 r l 2 7 ) J T I Y ~ I J E L ( I N ) r I ~ = l r ~ )  

1 2 6  WRITE ( 8 r l 2 7 ) J T I M r ( J E L ( I N ) r I N = l r N )  
1 2 7  FORMAT ( 1 H  r A 4 9 7 X r 7 2 A 2 )  

GOTO (117r118r119r120r121r122*123r124r125r126~ r J  

GOT4 1 7 R  

GOT4 17A 

GOT@ 1 2 8  

G9TO 1 2 8  

GqTQ 1 2 8  

GOTO 1 2 8  

GOTO 1 2 8  

GPTQ 17A 

GOTO 128 

128 J=J+I 
N = l  
N S = l  

Y = I 
G!3Th 111 

1 7 0  J F L  I N )  =DAcH 
132 M = M + l  

N = Y + 1  
CqTO 117 

I20 VJK=YJY+l 

1 1 3  IF ( N U ~ ( Y r ” ) - I ) l 7 O r 1 7 l r 1 ? ”  

1 7 1  J F L ( Y ) = K F L  
1 7 3  GBTC ( 1 3 4 9 1 3 5 ) t J J 2  
1 3 4  READ ( 5 r l 7 6 l K D A T E r K T I ~ t J Y r I ~ K D A Y r ~ E L  

I F  ( F P r ) G P T B  1 7 7  
G G T 9  1 3 5  

IF ( F n ! = ) G Q T n  1 7 7  
G Q T Q  1 ? P  

1 1 5  RFAO ( 6 9  1 ? h  IKDATFrKT I F ” *  JK r I rKDAY r YFL 

1 3 6  FQDvAT ~ ? X ~ I ~ r l X r A 4 r l X ~ I 7 r l X r I ~ r l X r I ~ r 2 X r A ~ ~  
177 FnF=eFALSF.  

I F  ( J R F - 9 F F L S ) 1 3 9 r 1 4 3 r I 3 9  

GQT9 ( 141 r 142 r J J 2  
179  JQF=JQF+l 

141 YF’h‘IND 5 
JJ2=2  

 GOT^ l a 5  



a 
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J F L ( N ) = D P T 5 2  
u = g  
GOTP 1 6 9  

1 7 2  GOTO ~173~174~175t176t177,178,179,180t181,1a2l~J 
1 7 3  d R I T E  ( ? , 1 2 7 ) J T I M , ( J F L ( I N ) r I N = l t N )  

1 7 4  WRITF ( 1 5 , 1 2 7 ) J T I M * ( J E L (  I N ) , I N = l , N )  

1 7 5  WRITE ( 1 6 r l 2 7 1 J T I M * ( J E L (  I N l , I N = l r N )  

1 7 6  WRITF ( 2 1 , 1 2 7 1 J T I ~ , ( J F L ( I ~ ) r l Y = l r "  

1 7 7  WRITF ( 2 2 , 1 2 7 ) J T I Y * ( J E L ( I Y ) , I N = l t N )  

1 7 8  WRITF ( ~ ~ I ~ ~ ) J T I M I ( J F L (  I N )  , I N = l r N I  

1 7 9  k 'R ITF  ( 1 7 t l 2 7 ) J T I ~ r ( J F L ( I N ) r I " )  

l e 0  WRITF ( l 8 , 1 2 7 ) J T I M * ( J F L ( I N ) , I N = l * Y )  

1 8 1  WRITF ( l ? r l 2 7 1 J T I ~ ~ ( J E L ( I N ) t I N = 1 , N )  

1R7 WRITF ( A t l 2 7 ) J T I ~ r ( J F L I I N I , I Y = 1 , N )  
1 @ 3  I F  ( J - J X X ) 1 8 4 r l P 5 r 1 8 4  
1 8 4  J = J + l  

G n T O  1 8 1  

G O T q  151 

GOTO 1 8 3  

GRTn 1 8 3  

GPTP 187 

G@T@ 1 8 3  

GOT3 1 8 3  

G O T ?  1 9 3  

GQTR 1 R ?  

h l = O  
N S = l  
M = O  
GPTP 169 

1 8 5  I F  ( J R T - I F N D l 1 8 6 ~ l @ 7 r 1 8 6  
186 I F  ( J D A T F - K D A T F ) 1 8 8 , 1 8 ? t 1 8 8  
1 R 8  DR 1 0 2  J = l , J X X  

1 9 7  WRITF ( 7 r 2 0 7 )  

1c)4 W'7ITF ( 1 5 r 2 0 7 )  

1 9 5  WQITF 116 .203)  

1 9 6  WQITF ( 2 1 t Z O 3 )  

1 9 7  WRITF (22,203) 

19R WRITF ( 7 , 2 0 3 )  

1 9 9  UPTTF ( 1 7 r Z 0 7 1  

GOTO ~193r194r195r196r197,198~199~2~0~2GlrZ021~J 

G R T n  107 

GaTP 19.7 

GOTO 1 9 2  

GOTO 1 9 2  

GOT9 I S 2  

G O T n  1 9 2  

G n T Q  197 

GOTq 1 9 2  

G 9 T 9  1 9 2  

7nn WRITF ( 1 8 . 2 0 3 )  

2'71 WPITF ( 1 9 . 2 0 3 )  

202  W R I T E  ( 8 , ? 0 3 1  
2 0 3  FORMAT (1H r3HFND)  
192 CONTINUF 

1 8 9  I F  ( J S K I P - 5 7 ) 1 9 3 r 1 9 1 r 1 9 0  
1 9 0  JSKIP=JSCIP+ ]  

1 8 7  nn 7 0 4  J = l r J X X  

G Q T q  A5 

CmT? 109 

GOTO ~205r2C6r207r208~209r210r211r212r213r214)~J 
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2 0 5  WRITF ( 3 r 7 1 5 ) J R F  

206  WRITF ( 1 5 9 2 1 5 ) J R E  

2 0 7  WRITF ( 1 6 , 2 1 5 ) J P F  

2 0 8  WRITF ( 2 1 e 7 1 5 ) J P E  

719 WPITF ( 2 7 r 7 1 5 ) J R F  

210 WRITF ( 7 r 7 1 5 ) J R F  

711 WRTTF ( 1 7 9 2 1 5 ) J P F  

7 1 7  W Q I T F  ( 1 8 , 2 1 5 ) J P F  

2 1 3  WRITF ( 1 9 r 7 1 5 ) J Q F  

2 1 4  WRITE ( R r 2 1 5 ) J R F  
2 1 5  FORMAT ( 1 H  r 3 H F Y n / l t l  r4694H PIJN) 
204 C O N T I N I J F  

GOTO 2 0 4  

GOTO 2 0 4  

GOT4 2 0 4  

CnTI;) 7q4 

COT’;) 7 0 4  

G410  704 

GRTO 204 

G@T@ 2 n 4  

GOTI;) 2 0 4  

9 8  Fr;’lQMAT 
(FORMAT MUST RF IJPDATTD F O n  F-ACH RUN. APPFNDIX B )  

99  FO9Pl’AT 
(FORMAT MUST RF UPPATFI) FOR FACti  RCIII. SFF APPFNOIX R )  

109 FORMAT 
(FORMAT MlJST RF IIPPATEO FOR F-ACH RIJN. 5FF APPFNDIX R )  

1 0 7  FROM4T 
(FFRKAT “ lJ5T RF lJPDATFn F4R FkCH R l I Y .  5FF APPFNDIX 5 )  

1 9 6  FnQYAT 
(FORMAT MlJST RF IJPIIPTFD FER FACH RIJN. SFF APPrNDIX 5 )  

107 F ~ O I ~ ~ A T  
(F6RYAT YUST BF UPDATED FOR FACH RUN. 5FE APPFNDIX 6 )  
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eI'N16. 
UNIT 1 6  

. I IN 7 1 
3 N I T Z 1  

.'IN??. 
U N I T 2 2  

T l D " P ?  

I 'N! 
U N  I T 1 8  

.'IN')R. 
U N I T 3 8  

I l ' I l 6  
FNTQY 
p 7 F  
F I L E  
FND 
UN2 1 
FNTPY 
P7F  
F I L E  
FNO 
l "22 
FNTPY 
P 7 F  
F I L E  
FNO 

FNTRY 
P I  F 
F I L E  
F V n  
' IN 17 
FYTRV 
P Z F  
F I L E  
C'JD 
' I N 1 8  
FYTPY 
0 7  F 
F i L E  
FND 
C I Y l O  
FNTPV 
D 7 F  

F I L E  
F Y O  
l ' Y P 8  
FNTRV 
P Z F  
F I L E  
FYD 

1 ~ ~ 0 7  

' 3 I " L Q D  F C L I  
(RELECATABLE 3INARY D E C K  FER SUBROLJTINF F S L I )  

B I Q L n Q  FXFV 
(SELOCATABLE 8INARY DECK FOR SUBROUTINE FXEY)  



Appendix B 

Formulated Formats of Subprogram 3 
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